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RADIOLOGICAL MONITORING IN THE PALOMARES ZONE
PERIOD: First Half of 1988

The below activities, listed in order and by subject area,
were carried out during the first half of 1988 in relation to
radiological monitoring in Palomares and in accordance with the
provisions of the report "RADIOLOGICAL MONITORING IN THE PALOMARES
ZONE: PROGRAM FOR 1988",

1. MONITORING OF PERSONS
1.1 1987 DOSIMETRY (Finalization)
The report for the second half of 1987 gave the results
obtained in the analysis of wurinary excretion of Pu-239 + Pu-240
109 persons from Palomares who were

and Am-241 of the
aexamined in 1987.

In this first half of 1988 the analyses were completed and
alpha spectrometry measurements of the urine corresponding to the
remaining 40 persons examined in 1987 were finalized. Taking into
consideration, however thai. one group of ten persons was subjected
to a double dosimetric examination, the actual total number of
persons who were subjected to dosimetric and medical control during
that year was 139.

This last group of 40 persons was comprised of:

- 19 persons who were examined for the first time in 1987.

- 14 persons who had been examined at least once, and always
with negative results.

7 persons who, having been examined at least once

previously had presented some positive reading.

The results obtained indicate that 4 persons of this group of
40 have given positive results of plutonium in the urine and that
3 other persons have given positive results of americium in the
urine. None of these persons has given a positive result for both
radionuclides at the same time.

The values corresponding to the positive excretion results

ares



Pu-234+Pu-—-240:

« 1 person = 1,2 * 0.3 mBg/day

o 1 person = 1.6 £ 0.3 "
« 1 person = 1.8 + 0.3 "
o 1 person = 4.6 * 0.1 ¥

- Am=-241
« 1 person = 0.78 & 0.10 mBg/day
1 person = 12.2 + 1.8 "

2 0.9 "

» 1 person =
The positive results for plutonium occurred in 3 persons who

had come for the first time and in 1 person who, over a period of
time had presented seven negative results and who gave positive
readings in 2 samples taken at Palomares at the time of the
accident; consequently such results were considered to be due to
external contamination of the sample.

The positive results for Americium occurred in 1 person who
came to be examined for the first time in 1987, and in 2 who, in
their previous examinations, had shown negative results. Two of
in an examinat.on

these persons had also given negative results
made earlier this same year.

None of the persons in this group presented positive results
for both plutonium and americium.

In view of the existence or consideration of a single positive
value of plutonium or americium wrine contamination in these seven
it is considered necessary from both the

=t a new examina-

indicated persons,

technical and scientific points of view, to cond
tion before being able to make a definite determination with regard
to internal contamination and, if positive, the dose estimate this
might signify. These 7 persons have baen called for a new
axamination in 1988.

pirect determinations of pulmonary contamination by plutonium
and americium, using a Pulmonary Raiation Counter, on the 19
persons of this group who had been examined for the first time in
1987 ravealed no contamination greater than the detection limit of

that equipment.



1.2 MONITORING DURING 1988

Bearing in mind the specifications corresponding to the
medical and dosimetric control program for persons from Palomares,
the 150-person examination campaign planned for 1988 has been
broken down into two periods, one which commenced on June 7 and
ended on July 13, and another which it is intended to initiate in

mid=-September. In accordance with the priorities established in

the "RADIOLOGICAL MONITORING PLAN IN THE PALOMARES ZONEY for 1988,
an initial nominal list of 138 persons was drawn up. This list
includes 104 persons who, as a function of the priorities indicated
in the plan, should be examined during 1988. Bearing in mind that,
as has occurred in other years, some of the persons who are of

specific interest to examine this year will be accompanied by

others not included in the lists, the quota of persons to he

covared will bea 150.
In order to be able to include any other per

sons who, up to

the end of the year, it may be of interest for some reason to
examine, the nominal list, sent to the municipal authorities of
Cuevas del

The following groups and number of persons were included in

Alamanzora will not be considered closed.

the list sent.
1=-a. Persons who must take the examination during the first
period.
Made up of 24 persons who have, at some time, shown positive
contamination results in the urine.
1-8. Persons who have shown one positive, and several
-

negative urine contamination results.

Made up of 7 persons.
L Persons who have reached 12 years of age and have not

been examined.
Made up of 20 persons.
e Parsons with evaluated doses who were not examined in

1987.
Made up of 31 pPersons.
2=B. Persons under 20 years of age, with previous negative



analyses.
Made up of 22 persons.
3 Persons who showed some positive result in 1966 but

whose subsequent results have been negative and who have not been

I~ i~
examined in the past three years.

Made up of 34 persons.

The population c¢ensus of Palomares has still not been
received. This makes it difficult to estimate and identify the

persons living in this zone who have not been examined at least

once.
ssimetric examinations of 40 persons were

=

Medical and d
conducted during the period June 7-30 of this year. The distribu-
tion according to the established classification groups was:

No. persc
Group 1-A: 14

Group 1-B: 3

Group 1-C3 6
Group 2-A: 3
Group 2--B: 2
Group 3-A: 6
Companions: 6

cal Monitoring

1.2.1 Med]
In the first phase of the Radiological Monitoring Program in

(See Doc. MSA0L/PI002/a/88), conducted

the Palomares Zone for 1988
during the period between 6/7/88 and 6/28/88, 40 persons have been
examnined medically, broken down as follows:

No. persons

Group Ll-A: 14

Group 1-B: 3
Group 1-C3 6
Group 2-A3 3
Group 2-B2 2
Group 3-A: 6
Not listed: 6 (companions)

The medical examinations, which were made in accordance with

7



the instructions set forth in Safety Guide No. 7.4 "Bases for
Medical Monitoring of Workers Exposed to Ionizing Radiation® and
the recommendations of international organizations, revealed no
pathology which might be attributablr to the incorporation of
transuranic elements coming from residual contamination of the
DONE .

We list below all significant findings:

Absence of alterations: 14

Mild alterations: 17

Presence of Pathologies: 9

1. DISEASES OF THE ENDOCRINE GLANDS, NUTRITION AND METABOLISM AND
IMMUNITY DISORDERS (24-249)%

Obesity 2

Hyperglycemia 4

sterolemia 4

Hypercho.

Hypertriglyceridemia 3
Diabetes mellitus Type II 2

2 DISEASES OF THE BLOOD AND HEMATOPOIETIC ORGANS (280-289)

Iron deficiency anemia 1

Eosinophilia 2

3. MENTAL DISORDERS (290-319)
Reduced libido 1
Psychogenic dyspepsia

and gastralgia 1
Aerophagia 1

4. DISEASES OF THE NERVOUS SYSTEM AND SENSORY OQORGANS (320-389)
Radial neuritis 1
Migraine 1
Reduced visual acuity 1

*®  ICD Code - oth revision
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7

8.

9.

Hypermetropia 1
Pterigium 1

Actinic conjunctivitis 1
Allergic conjunctivitis 1
Acute hearing loss 3

Impacted cerumen in the

auditory channel 1
Acufenos [?] 2

DISEASES OF THE CIRCULATORY SYSTEM (390-459)
Sinus tachycardia with
arrhythmia 1

Sinus bradicardia with

arrhythmia 1

Pulmonary stenosis 1

Varicose veins, lower

extremities 4
DISBEASES OF THE RESPIRATORY SYSTEM (»60-519)

Acute rhinopharyngitis 1
Chronic pharyngitis 1
Chronic asthmwatic bronchitis 1

Acute bronchitis 1
Amigdaline hypertrophy 1
DISEASES OF THE DIGESTIVE SYSTEM (520-579)

Postcoleocystectony syndrome 1

DISEASES OF THE GENITOURINARY SYSTEM (580-629)
Fibrocystic mastopathy 1
Ridney stones 1
DISEASES OF THE SKIN AND SUCUTANEOUS CELLULAR TISSUE (680-709)
Actinic hyperkeratosis 1
Contact dermatitis 1L



10. DISEASES OF THE OSTEOMUSCULAR

(T1L7=739)
Epicondylitis
Gonarthrosis
Coxarthrosis

Generalized arthr
Compensatory scoliosis
Disseminated arthralgia
Cervicpbranchial syndrome
Louumloa leria

Lumbosciatica

Lower limb assymetry
(secuela of poliomyelitis)

11. POORLY DEFINED SIGNS, SYMPTOMS
799)
BECG. Right branch block
ECG. Left atrial hypertrophy
ECG. Sinus tachycardia with

ginus arrhythmia

ECG. Sinus bradicardia with
sinus arrhythmia

Reduced vital capacity in
functional respiratory tests
Dysphonia

Hyperbilirubinemia

Elevated serum transaminase
Elevated ureic nitrogen
Leukocytes and red corpuscles
in urinary sediment
Aketonuria

The findings listed correspond

&
)

oy
5

YSTEM AND CONNECTIVE TISSUE

AND UNHEALTHY CONDITIONS (780~

4

to the pathology we encounter

daily in periodic medical exaninations of workers, both exposed and

not exposed to ionizing radiation, and in our judgment there is no

information which makes us suspect

10
1d

an unhealthy condition
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specifically induced by radicactive agents.
1.2.2 Dosimetric Monitoring
With completion of the analyses of urine samples of

June 1988, it has bheen determined that both the results correspond-

the 10 persons corresponding to the group of 40 exagmined during

ing to the measurement of the concentration of Pu-239 + Pu-240 and

those corresponding to the nmneasurement of Am-241 have Dbeen
negative, that is, their wvalues are equal to or lower than the

detection limit.

2. ENVIRONMENTAL MONITORING
2.1 GROUND
The following activities have been carried out.
2.1.1 Sampling
In order to study the migration in depth of plutonium and
soil sampling was done at depths of

@
es,

americium in the crop zon

between 100 and 150 c¢m. in a certain portion of parcels 2-0, 3-1
and 3-2 and in the proximity of parcel 2-2. The fact that not all
sanples were taken at a depth of 150 cm was due to the impssibility
of drilling to that depth with the egquipment available in some
cases, due to hardness of the soil.

To determine the possible dispersion of the plutonium and
americium contamination in zones outside the "zero contamination
line” established when the accident occurred in 1966, 30 samples of
the surface soil to a depth of 5 cm were collected. The samples
were collected around the perimeter constituted by the indicated
"zero line" and at a dist

2.1.2 Plutonium and Americium Inventory in Zones 2-0 and

ance of some S00 m. from it.

2=

A8 indicated in previous reports, the soil samples
intended for taking inventory of the plutonium and americium in
these zones were collected in 1986, The Am-241 concentration

readings at the 37 points sampled (185 samples) were presented in
the reports for the seond half of 1986 and the first half of 1987.

The Pu-239+Pu-240 concentration readings from the samples corre-

1l



sponding to the 37 points sampled were presented in the report for
the second half of 1987.

During this six-month period of 1988, Pu-239 + Pu-240 determina-
tions have proceeded in the remaining soil samples, and the results
of an additional 79 additional ones, which correspond to a total of

158 analyses, and which are shown on Table 1. At present, analysis

is being made of 6 samples which remain for completion of the 185

N3

collected. These samples, as indicated in previous reports,
spond to 37 points distributed in the area and divided into &
separate portions to a dept

As a consequence of the results corresponding to the Am-241
ssively in the

COXTE

N
[ o

¢ [ -
1 of 4% cm.

and Pu-239+pPu-240 concentrations specified suce

praviously indicated reports and in this report itself, it is

inferred that the plutonium ans americium concentrations are
greater in these 2zones, and especially in the 2one we have
designated 2-0, than those existing in the rest of the Palomares
zone. The total surface of these zones, which comprises hills and
the wvalley between them, is in the order of 4-5 hectares, as

specified in our report .or the second half of 1986.

The distribution of the plutomium and americium concentrations
@n on the corresponding tables, is not

in these zones, as can be s
at all homogeneous. In the valley it is found to be distributed to
a depth of 4% cm; in the hills, the concentration below the first
layer (5% cm) is one or more orders of magnitude lower.

The estimate of the mean plutonium and americium concentration

existing in this 2zone to a depth of 45 cm, calculated f£rom
concentration readings determined permit us to infer that:

- The mean concentration of Pu-239+Pu-240 is in the order of
B2 1Bg/kg, with a maximum reading of 681 kBg/kg in the vicinity of
ear device No. 2, and with a minimum

the impact point of thermonucl
reading of 0.28 kBg/kg at a point in the hills.

=  The mean concentration of Am-24) is in the order of 13.4
kBg/key, with a maximum value of 135 kBg/kg in the vicinity of the
cited point of impact of thermonuclear device No. 2, and with a
minimum value of 0.10 kBg/kg.

12



- The ratio between the mean concentrations of plutonium and

americium for the entire zone shows a value of 6.1, with partial

wmﬂnmmawmimh:mmmmmrtmmmmmwﬂmmmﬁmiﬁtmnm@,MMMMMMMWWIHWMM.MWMNHMMM
of three different wvalues for the Pu/Am ratio, which are 4.7 and
10, with no major deviations. Part of our research task is to

determine the causes behind these different wvalues of the pluto-

nium/anericium ratios in the soils of the zone.

We consider it appropriate to note that, in this zone, as has
been indicated in earlier reports, the most contaminated soil and
wvegetation collected throughout the area was stored, and later
transferred there into 250 liter cans for shipment to the Savannah
River Plant in the United States of America.

In accordance with the plutonium and americium concentration
bles and with the

readings specified in the respective mentioned tal

estimates made of mean concentrations, as indicated before, we

se zones 2«0 and 2-1 is, as we

observe that the contamination in th
have said, the ¢greatest in the entire area of Palomares. The
astimated mean concentrations of Pu~239 + Pu-240 and of Am-241
are, as we have poinved out earlier, 82 kBg/kg and 13.4 Xbug/kg

respectively, which signify mean contamination wvalues 40 and 25

tiMHW1WMMMMMm,xmmwmmﬁivaly,1MMm1ﬂmmmmlmf‘pmmmml:WﬂL,hmmmmlﬂMWwﬂ

the greater concentration of the rest of the area. The mnean

sentrations in the 45 cm soil depth stratum of the said parcel
2=2 are: Pu-239+Pu-240 = 2.06 1lBqgq/kg; Am=-241 = Q.55 Mmq/kgam

Up to the present, this zone has been cultivated only in
sontained extensions, sporadically and non-continuously. Now,

however, in the near future, and due to the nearby construction of

an lrrigation water reservoir which was placed in operation this
summer, the owners of the parcels located in zones 2-0 and 2-1 want
to convert them into continuous cultivation lands like the rest of
the Palomares area. This conversion might regquire earth movement.
Consecuently, it would be desirable that, in the parcels which
could not be earmarked for experimentation, the earth removal and

its subsequent deposit be done in a controlled fashion and

appropriately to ensure that the concentrations of plutonium and

13



americium in the crop bearing layer (30-40 cm) be in the smallest
wmmwmmﬂmnfammﬂinmhl@WWMMMML,mmﬂmmmtqwmmmmmrin«mm%mwtﬁ?mmqnimmma

than those of the remainder of the Palomares area.

2.2 AIR
The following activities were carried out during this
first half of 1988.
2.2.1 Sampling
Weekly air sampling was conducted at the three
stations which are in continuous operation, designated for
reference as Stations 2-1, 2~2 and P (urban center). This has

involved the collection of 78 air samples, corresponding to a
volume of approximately 10 000 w® per sample. As already indicated
in our previous report, special sampling systems which permit the
collection only of aerosol particles having a size of less than
10pm have been operating since July 1987 at Stations 2-2 and P.
This is because these particles comprise the truly inhalable
component. .

The samp.ing of air in the Santillana (Madrid) Wacer Reservoir
has been continued, with collection of 26 samples during this first
half of 1988, corresponding to a mean weekly volume of 300 m’.

2.2.2 Plutonium Concentration
In accordance with the specifications given in the 1988
Monitoring Program (1), radiochemical analyses have been nmade

during this first six-month period of 46 air samples from Palomares

5 ] o
mnd1&2wwmmﬂmrﬁmmmﬁmﬁ|mmmmmmmmwmmetmvth@'ﬂmmwwr|mmwhﬁmw and the
santillana Reservoir (Madrid). The analyses of the Palomar samples
were made independently in weekly samples for the periods 3/21/87 -

7/4/87 and 12/12/87 - 1/2/88. The CIEMAT and Santillana Reservoir
analyses from the Madrid zone were performed on 4-week compounded
ﬁmmpbmﬁrwmmmmwmmMiMW'mmﬁwmmlmmmtn,lmwﬂtmmummwtﬂmmmmﬁﬂpmmwmm~ﬂWa

Ina?

period from 2/23/87 to 5/3/88.
iy ®

The samples analyzed are distributed by location as follows:

Building 2-~1: 15 samples, 1987

14



Building 2-2: 16 samples, 1987

Building P (urban): 15 samples, 1987
CIEMAT building: 29 samples, 1987
Santillana R. Building: 33 samples, 1987-1988

The results of the radiochemical analysis of the measurements

by alpha spectrometry of the aerosol samples taken in the Palomares
zone are shown on Tables 2 and 3; Table 2 shows the final readings
'

corrasponding to the period prior to the installation, at stations
2«2 and P, of the sampling systems permitting collection of
particles only smaller than 10um.

The results correponding to the Madrid zone are specified in
Table 4.

It is inferred from the readings shown in Table 2, that the
mean values of plutonium concentrations in the Palomares zone are
as shown below:

Pu=239. 4 Pu-240 Concentration
Period: 3/21/87 to 7/4/87
Buildimeg 22-1: 382 wBqg/m’
Building 2-2¢ 135 »
Building P (urban): 29.6 "
It is appropriate to consider the major effect that the values

which we can consider episodic, and which correspond, jnten_alis.,
to the maximumns determined, have on the mean concentrations. As
can be seen these values are 4491 pBg/m® in Building 2-1, 677 uBg/m®
in Bullding 2-2 and 224 wBg/m* in Building P. ihen we have
available a larger number of results corresponding to the samples
of particles smaller than 10 um, we will be able to infer whether
these episcodic values are, or are not the conseguence of isolated
vhot particles".

Nevertheless, both these mean values and the weekly walues
specified on Tables 2 and 3 for each of the sampling stations, are
below the limit derived concentration in air (5 900 pBg/m*) for
Class Y plutonium compounds, as can be iInferred from the value
astablished in the Spanish legislation (2) for the annual incorpo-

ration by inhalation.



From the values specified in Table 4, it is inferred that the

mean values of the Pu-239 + Pu-~ 240 concentration in the Madrid
zone have been below 0.2 pBg/w’ during the period 2/23/87 to
ring the indicated period

5/3/88. This permits
of time, the concentration of Pu-239 + Pu-240 due to radicactive

us to infer that, d

fallout in Spain is below 0.2 pBg/m’.
2.2.3 Americium concentration
The activities carried out in this regard fave been
in accordance with the specifications given in the 1988 Monitoring
ometry

Program (1). Radiochemical analyses and alpha spect
measurements have been made of a total of 33 weekly samples Ffrom
Palomares and 27 weekly samples corresponding to the Santillana
Reservoir (Madrid), to determine the concentration of Am-24 in the
endently in weekly

air. The Palomares zone analyses were made indeg
samples; the analyses from the Madrid zone were performed on 4-week

compounded samples corresponding to each month, with the exception

of one which represents only one week.

The samples analyzed are distributed by location as follows:

Building 2-1: 12 samples, 1987

Building 2-2: 6 samples, 1987

Building P (urban): 15 samples, 1987

Santillana R, Building: 27 samples, 1987-~1988

The results of the determinations from the analyses carried
out on the samples from the Palomares 2z2one are shown on Table 5.
From the wvalues shown on this table, it has been inferred that
pond to

these mean values of the Am-241 concentrations which cory
each station of the Palomares zone during the period 3/21/87 to

T/4/87 are:

All=241.... Concantration
Buildimg 2-1¢ 3.6 whg/m’
Building 2-2: 1.7 "

Building P (urban): < 0.2 W
Both these mean values of the Am~241 concentrations in air
and each of the values specified on Table 5, are below the limit of

the derived concentration in air (2 360 uBg/m*) for all Am-241

:
16



compounds for the standard mean man of the population, as can be

inferred from the value established in the Spanish legislation (2)
equently, the risk

el e

for the annual incorporation by inhalation. Cons

derived from its inhalation can be considered to be negligible, as

a practical matter.
e results of the determinations corresponding to the
ervoir) are

ﬂ&mplrmg«m:JJMMImmt,in'MMaRMMMﬁmlmr@m‘}MMﬂﬁHHMlemmw

shown on Table 6. From these values it is inferred that the Am—-241

concentration in the radioactive fallout for Spain is less than 0.2

"J“E!N‘:[./]“I,:!' .

2.3 VEGETATION
The following activities carried out in this regard during the
first half of 1988:
2.3.1 Sampling
Following the specifications established in the Monitoring

Plan for 1988 (1), the following vegetation samples were taken:

10 tomato samples and 10 tomato plant samples from the Zone 3

greenhouses They were collected duriug April.

wd ©
- 8 barley samples representative of the crop of this cereal.

These were collected during May in Zones 2, 3 and 5.

Por its
each sanple was subdivided into grain, straw and spike.

analysis,
; Bach was subdivided for

- 3 wheat samples from Zones 2, 3 and 5.
analysis, into grain,straw and spike.
- 9 water melon samples and 9 samples of water melon plants

representative of this fruit’s crop, from Zones 2, 3 and 5. The

‘WWMMMWMHWWQMM]mmmaawmmwMmmﬂmMemmmMmmemm%m

the area this year.
2.3.2 Americium Contamination
petermination of Am-241 contamination was made in 6%

vegetation samples from 1987 and 1988, which brings the total

number of analyses to 130. with this the analysis of samples

collected in 1987 was completed.
The spond to:

« 9 harley samples from 1987

e determinations corre

17



-~ 2 wheat samples from 1987

- 1 olive tree sample from 1987
10 tomato samples from 1987
In the cereal samples Am-241 contamination was determined
separately for the grain, spike and straw; in the olive sanples.

both fruit and leaves were analized; in those of tomatoes, the

measurements were made in the washed and unwashed fruit and in the

plant leaves.
The results of the determinations made on these samples are

shopwn on Tables 7 through 12. The results of the other vegetation

samples collected in 1987 were given in the report for the second
half of 1987 (3). Prom the values shown on Tables 7 through 12, it
is inferred that:

- The samples of barley grown during 1987 on Zone 2=0
generally present Am-241 contamination. Contamination was found in
the 3 straw samples, the 3 spike samples and 1 of the grain
samples.
ponding to the samples which have showed

The mean values corre

soncentrations greater than the winimams detectable by our method

are:
Grain: 5.3 Bg/kg
Spike: 354 "
Straws: 20.1 0w

- Of the barley samples grown during 1987 in the rest of Zone

2, Am-241 contamination was found only in one of straw; the
concentration determined was 1.3 & 11% Bg/kg.

- The samples of barley grown during 1987 in Zones 3 and 5

showed no Am-241 contamination in any of their parts.

-  The wheat samples collected in 1987 in Zones 2-0 and 5

showed no Am-241 contamination greater than the limits detectable

by our method.
» The olive fruit sample collected in 1987 showed no Am-241

contamination, while the leaves were determined to have a concen-
tration of 17.7 ¥ 2% Bg/m’.
=  The samples of washed and unwashed tomatoes and tomatc

18



leaves corresponding to the crops grown in greenhouses during 1988

were found to have no Am—-241 contamination, except for one unwashecl
tomato sample from Zone 3, which showed a value of 0.23 t 0.04

Bey /Ky
TMH:WMWWMHMHMMMIQf‘Mmm«Mnmmﬂwmmmﬁmmlr@&dkm%$«ﬂﬂmﬁﬂm%h from

the point of wview of hazaxtd to persons can be inferred by

comparing the values specified with the official limit of annual

incorporation by ingestion, which is % 000 Bg (2), and with the
transfer factors for ingestion (®=10™) in animals, of the products
used for food.
2.3.3 Soil=-Plant Concentration Ratios for Plutonium
From the values for plutonium contamination of many
tomato samples (fruit and plant), barley (grain, straw and spike)
and alfalfa collected over +the years in different areas of
Palomares and from those of the mean contamination of the ground in
which they have been grown, and which alseo pertain to many
determinations, we have made the necessary calculations to
determine, for field experimentation, the wvalues of the very
significant parameter of the soil/plant ratio under the farming
conditions which apply to the Palomares area and for the character-
istics of its soil.
The values obtained are specified on Table 13 and were made a
part of the paper we presented in March 1988 in the IV Internation-
al Radioecology Symposium which was held in Cadarache, France on

the subject of "The Impact of Nuclear Origin Accidents on Environ-

ment". This paper, entitled YEVALUATION OF REMEDIAL ACTIONS TAKEN
IN AN AGRICULTURAL AREA CONTAMINATED BY TRANSURANIDES" was preparecd

by Emilio Iranzo, Asuncitn Espinosa and C. Emma Iranzo.

From the values specified in the indicated Table 13 and those
shown on Table 14, which correspond to the plutonium concentrations
determined over a period of time in the indicated agricultural

"™

products, it has been inferred, as expounded in the cited paper

thats
-~ In farming areas with a Mediterranean climete and weak

rainfall, external surface plutonium contamination, by reason of
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resuspension, plays an important role in the contamination of
cultivated products.

The values of soil/plant concentration ratio are in the
order of 107 for tomatoes and 107 for tomato plants and the various
components of barley and alfalfa.

2.3.4 Derived Doses from Crop Products
Based upon the soil/plant plutonium concentration

ratios determined in the field for the crops in Palomares and the
annual productivity of each type crop in that area, we have
calculated the effective overall collective dose equivalent which
would result from direct or indirect ingestion of the annual crop
produced in each hectare of the zone which presents the maximum
soil contamination. In order to adopt the most conservative
posture from the radiological protection point of view, we have
assumed the entire crop to be contaminated, although we have
verified that this is not the case, as can be inferred from Table
l1l4.

The wvalues calculated for the indicated effective overall

collective dose swquivalent are shown on Table 15.
These values were calculated in consideration of:

-  Transfer factors to milk 1 meat by reason of animal

ingestion of contaminated products specified in the TERRA Code (4).

Highest wvalues of the Sv/Bg ingestion ratio (5) for
astimating the effective overall dose equivalent in 70 years for
individuals of different ages.

- Tomato, barley and alfalfa crops grown in soil having a Pu-
239 + Pu-240 concentration in the order of 2.1 kBg/kg™™.

It can be observed from the values specified on Table 1 that:

- The effective overall collective dose equivalent resulting
from direct consumption of the tomatoes grown on 1 Ha would bhe, as
a maximam, 3 ®x 10" man/Sv.

- The effective overall individual dose eguivalent would be
a maximam of 1.5 pSv per year.

- The effective overall collective dose equivalent resulting
from consumption of milk produced by cows fed with the barley
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produced annually would be, as a maximum, 3.6 x 10™° man/8v for
ear of age and 1.2 x 10™° man/Sv for adults.

children one y

- The effective overall collective dose equivalent resulting
from consumption of bheef from cows which were fed with the barley

produced annually on 1 Ha would be, as a maximum, 1.2 x 10™ man/Sv

for children 5 years of age and 6.0 x 10™° for adults.

- The effective overall collective dose equivalent resulting
from consumption of beef from cows fed with the straw produced
annually on 1 Ha would be, as a maximum, 2.7 x 10" man/Sv for
iren 5 years of age and 1.3 x 10" man/Sv for adults.

- The effective overall collective dose egquivalent resulting

child

from consumption of milk produced by cows which were fed with the
alfalfa produced annually on 1 Ha would be, as a maximum, 4.7 x 10
man/Sv for children 1 year of age and 1.6 x 10 for adults.

- The effective overall collective dose equivalent resulting

from consumption of beef from cows fed with the alfalfa produced
annually on 1 Ha would be, as a maximum, 1.6 % 10" man/Sv for
shildren 5 years of age and 7.9 x 10™ man/Sv for adults.

This study is also included in the paper which was delivered
at the IV International Radicecology Symposium held in Cadarache in
March 1988, the title and authors (6) of which are indicated in the

previous section.
2.4 ANIMALS
2.4.1 Sampling

The activities carried out in this area during this
gquarter [sic] have consisted of the collection of 4 milk samples
from one of the goats acguired, which foraged all year throughout
all the areas in Palomares. The other goat died last year, as we
indicated in our report for the second half of 1987 and the kid

delivered by one of these goats, which feeds in the same pasture
area, has still given no milk.
Bach of ¢the milk samples is a weekly and representative
compound of the daily milkings.
2.4.2 Plutonium Contamination in Animal Tissues
buring this six-month period we incinerated the
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sues (flesh, bones and feathers) of the 10 chickens bred

animal tis
during 1987 (3) in a poultry yard near Parcel 2-2.

Radiochemical analyses and alpha spectrometry measurements
were made to determine the Pu-239 + Pu-240 concentration in the
ashes corresponding to 8 samples. The readings f£from these
determinations are shown on Table 16. From the values given on the
table, it is inferred that:

= There is no Pu-239 + Pu~240 contamination in the gizzard or
of the extremities or body of the chicken samples

in the flesh
which have been analyzed to date. The measurements show no
concentrations in excess of the detectable minimums of the method
utilized.

- The two feather samples analyzed present Pu-239 + Pu-240

ective concentrations of 646 and 255 mBqg/Kg,

contanination with re

which, in our judgment are the consequence of external contamina-
tion due to life style and the fact that they were bred with full
freedom to move about, both in, and outside the poultry yard, where
the plutonium soil contamination is of the order specified in the

report corresponding to Parcel 2-2.

3. PARTICIPANTS
The following CIEMAT personnel have participated in the

activities which led to obtaining the data, conclusions and
specifications set forth in this report:

Senior technicians: Emilio ITranzo, Alicia Alvarez, Angel

Bellido, Santiago Castafio, M. Asuncién Espinosa and C. Emma Iranzo.
Tachnicians: Camila Blanco, Ludivina Borrego, Mariano Casado,
M. Carmen Guzman, José M. Montero, Francisco Moreno and Mariano

Moya.
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[national crest]
MINISTRY OF INDUSTRY AND ENERGY
ENERGY, ENVIRONMENTAL AND TECHNICAL
RESEARCH CENTER
(C.T.E.M.A,T.)

TABLE M

Pu=-239 + Pu-240 RADIOACTIVITY ltiflllllli[lill]Eillﬁl“flfflil‘i!sfllfI][flllilbl’ IN PALOMARES AIR
SAMPLES

) | () CENCENTRACIN TE: Pu-239 + 240 (piBay/m)
PERIODO i’ 'i;:i!_“\‘_,, I l"iff P, ‘ !::I;’) YT
| \ (zona urbana)
2-03-87 al. 2B-03-87 35.0 + 5.4 30.8 + 4.8 21+ 3.5°
20367 al (4-04-87 | 60.3 + 6.6 26.6 + 4.1 32.1 + 5.3
04-04-87 al 11-06-87 51.6 + 3.3 16.0 + 2.5 15.5 + 2.5
13-04-87 al 180887 46.2 + B.6. 224 + 34 6.8+ 1.1
180487 al. 250487 ‘ 40.2 + 6.8 46.5 » 9.3 3.5 + 0.6
250487 al (2-0B-87 |  53.2 + 5.8 224.0 + 39,1
(R-O587 al 090567 j 60.1 +10.2 43.4 + 8.4 3.5 + 0.6
03057 Al 16-05-87 3.6 + 0.5 | 676.6 +102.9 0.7 + 0,08
160587 @l 230567 , 70.6 #11.3 78.7 + 12.1
&3-05-87 al A-05-E7 é 11.4 + 1.2 37.1 » 6.6 14.9 +» 2.2
| 20-05-67 al 06-06-67 |  26.9 + 4.2 22.6 + 3.6 6.9 + 1.23
QB-06-87 al 13-06-67 . 16.2 + 1.9 81.8 +» 2.9 17.2 + 2.8
13-06-87 al 20-06-67 | 4491.3 +46.9 442 + B3.B 10.6 + 0.2
Zom6mET @l ZT-OB-E7 72.4 4 11.2 6.2 «+ 0.9
270667 al 0-CT-E7 T + 5.8 2.4 + 0.47

4= PERIOD; 5= Pu-~239 + Pu=-240 CONCENTRATION (uBq/m*)

6~ BUILDING 2-1; 7- BUILDING 2-2; 8- BUILDING P (urban zone)
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[national crest]
MINTSTRY OF INDUSTRY AND ENERGY
ENERGY, ENVIRONMENTAL AND TECHNICAL
RESEARCH CENTER
(C.L.B.M.A,T. )

".l?'i!!.]E!L][J.]EiI 3

Pu-239. «+.ﬁMMﬁMMI‘RMUﬁmWW”TUFWV EHMMHWWWWNWKWI IN PALOMARES

SAMPLES

|
AIR

Wu%wmwmwmmmlmww.mhm;mmm“

ﬂiﬁi]} JF"]Ei FL T () ) () | crooeeeeeoeessememoueeeeesonseessssssomameseseees e emem e 3mSR A48 34O e e

N—
“IT) CASETA D "N CASETA 22 qwmmm&umih
iﬁ)(ﬁmhlh 2-1 | (J)nnnl A 2w Y zona urbana)

12-12-87 al 19-12-87 1.1 + 0,25 40.5 + 4.3

1801287 al 26-12-87 ‘ 1.4 + 0.3°

26m12-87 al 0R-Ol-af 3.0 + 0.5 7.5 + 1.0

4= PERIOD: %= Pu~239 + Pu-240 CONCENTRATION (mBe/m?)

6= BUILDING 2-1; 7= BUILDING 2~2; 8- BUILDING P (urban zone)

28
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[nationnl crest]

- MINISTRY OF INDUSTRY AND ENERGY
ENERGY, ENVIRONMENTAYL AND TECHNICAL
RESEARCH CENTER .
(Cel.B.M.A,T.)

TABLE 4

Pu=239 + Pu-240 RADIOACTIVITY CONCENTRATION IN PALOMARES
EWWMWNM

ATR

C), '@MMMMMWMMWMWNW.MWNMWWMM

PERIODO — :
o HIDRAULICA " DE _
CIEMAT " SANTILLANA (@)

230287 al (R-C5-87 £0.2
| 02-03-87 al 30-06-87 20.2

AL3-87 Al P07 % 0.2

270087 al (40587 0.2 |
O4-05-87 &l 01-06-87 20.2

OL-06-87 al F0-06-87 | £0.2

30-06-67 al 20787 | 20.2

26.07-67 al 04-06-87 | £0.2

04-06-67 al OL-8-87 | 20.2

01-09-67 al 14-09-87 20.2

15-09-87 al 29-09-87 Z 0.2
20087 al 272087 | 20.2

27-10-87 al 0B-11-87 20.2
(3-11-67 al 01-12-87 | 20.2
OL-12-67 al 29-12-67 | £0.2
mumﬁmnmwmﬂV,? £0.2

| 26-01-66 al 01-03-88 ! £ 0.2
 01-03-66 al 05-00-88 | 4.0.2
050486 al (3588 | £0.2

4~ PERIOD:; %5~ Am—241 CONCENTRATION (lBe/m*)

Qe SANTILLANA RESERVOILR
[ i | |




[national crest)

MINISTRY QF INDUSTRY AND ENERGY
ENERGY, ENVIRONMENTAL AND TECHNICAL.
RESEARCH CENTER
(C.T.R.M.A.T.)

!
TABLE 5

Am-241 RADIOACTIVITY CONCENTRATION IN PALOMARES ATR SAMPLES .

C) E)CONCENTRACION DE Am-241 (pBq/m°)

08057 al 11-04-87 |
16-04-87

:!I o :E! + ':J‘ » ":L

‘(:' ¢ ‘Ei .::: 0 » JL

207 > Ced

L1 Ctdend7 gl

L i

0.7 « 0.1

| 16-04-87 al 25-04-87 5.6 + 0,7 Z 0.2
250457 @l 0R-05-87 % 0.2

(R05-67 al OP-05-57 3.9 + 0.7 6.4 + 0.9
0B-05-G7 al 160657 1.2 + 0.3 | =02

16-05-57 al 230587

3.5+ 0.5
230557 al I-0B-E7 0.8 » 0.1

30567 al 060657

060657 al 13-06-87

3.2 + 0.5
5.6 + 0.8

150687 al 20.06-87

06557 @l 2707

| Z7-06-E7 al D747

PERIODO |— o ” g e
S ) @ ) CASETA P
©l,seta 21 EaseTa 2-2 m@ﬁmﬁwhhwﬂ
210387 @l 0057 10.4 + 1.2 & 0.2
2B-03-87 al 04-04-87 4.8 + 0.5 % 0.2 % 0.2

% 0.2
# 0.2
£ 0.2
£ 0.2
% Q.2
£ 0.2
£ 0.2
Z 0.2
2 0.2
% 0.2
% 0.2
% 0.2

% 0.2

4=~ PERIOD; Y% Ame-24l CONCENTRATION (uBo/m® ]t,

G~ BUILDING 2=1; 7= BUILDING 2-2; 8- BUILDING P (urban zone)

Yo SANTILLANA RESERVOIR

!

3n
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[national crest] \
MINISTRY OF INDUSTRY. AND ENERGY |
ENERGY , ENVIRONMENTAL AND TECHNICAL.
RESEARCH CENTER - \J
(CoZ.BuM.AT.) N

_ TABLE! 6.
1

Am=241 RADIOACTIVITY CONCENTRATION IN PALOMARES ATR

o o

SAMBPLES

@ (ED CONCENTRACION TE. Am-241 (/)
“PERIODO C1EMAT HIDRAULICA DE .
v R AA T SANTILLANA (9
|

| Z3LR-87 al Q237 L --------

(R-03-87 al I-LB-E7 | e

0387 al ZI-04-87 | e

D17 Al QAuCEBT | e

040587 al OLl-CB-87 | e

O1=06-87 al I0=06-67 | -

W-06-67 al O4-0B-B7 1
| 06-06-57 al C1-08-87 | e

01-08-87 al 14-08-87 | e

15-09-67 al 29-09-67 | —
200067 al 271087 | | e
29167 al 031187 | % 0.2

(31167 al OL-12-67 ﬁ 2 0.2

O1-12-87 al 29-12-87 ﬁ % 0.2

OBmCL OB @l 260 86 ; | Z 0.2
26-01-68 al 01-03-88 | % 0.2

010368 8l O5-Ob-68 i % 0.2

O5 OB &l 30556 f % 0.2

e MWWHNWW‘HW'MMWWWE.HMMHEMTM%WWHM’{Mﬂ@jMWﬂ

G BULLDING

SANTILLANA RESERVOIR

2«1y 7= BUILDING 2-27 8- BUILDING P (urban zone)
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(300

L 275/

P_ﬂ"

(“) Cebada

e Granc
I'.l") Grano

40,011

" " " 'h Espicula 5.2 + 5%
" " " (Y Paia 1.4 + 16%
i) J b
- !r]' n ‘ [ o H YT ”
1d=5 ANJN. ()0('} " 1&9}‘&!&“0 ;&gm¢006
N " " {E) Espicula 132.7+ 1%
i .
" N " ‘:!!) P ii\‘j\ a 14.9 * 2%
" !UU -
ANJN. 20 " ‘:!!:)‘ Grano 5.3 + 3%
" n n Eﬁ Espicula | 924.1+ 1%
r e
m 0 " :‘I’;’ P ii\‘j\ a 44.0 e 1%
. 350 - &) 7rs N e -
264 A.P. M,‘ﬁ, : @ﬁ>‘hrmg0 @) Grano # CG.006
-'I. .
" " " (;J Espicula ;:ﬁ.0m006
1
‘ ﬂﬂ . , e N ey
" " " 4 Paja % 0,007

Key:

1) Barley; :

Grain;

3)

-y
32

Spike;

4) Straw;

5)

Wheat .
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| SAMPLING
DATE

FARM

VEGETABLE

Species

Payt

7 -' [ oy .o ha
25 - M.N.A, ‘E;“ (ﬂ} Cebada Qy) Granco % 0.010
(@) Espicula 4 0,006
77
. ; @) paja 1.3 « 11%
" j> -] ( 500 " " o) Grano . l}
lmj'kﬁ7ﬁol Qﬂj;wmma £ 0.007 ]
.| " - .
" " ‘ " ‘~:!!E]' Espicula £ 0.006
(|
" " " | ® raja 2.0.007
Ly - N 580 ( ’E-" . {'.:" ’
14 M.S.N 778 N!:!‘ Olivo ~._)’ Fruto % 0.007
-
" " " ‘!!;‘_) HC}_‘j as 17.7 '_ e "i

Key: 1) Bi
tree; 7) Frul

t; 8)

ley; 2) Grain;

3) Spike; 4)

Leaves,
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Straw; 6) Olive



TABLE 9 _ AMERICIUM - 241 CONTENT .]EZII!I’ THE VEGCETATION OF AREA 3

DURING _{q¢7. .

SAMPLING | VEGETABLE . RADT
FARM CON

DATE - Species Paxt.

264 | J.C.G (CAT 761 | () Cebada @ Grano 20.010
" " " ‘:n"]' Espic TL.Il la # 0.007
" " " '(:SE, Paja | & 0.006
" D.C.G (CAT 765) " @) Grano ; Z0. Ol:)«ﬁ
" " " '[~i§l Espicula % 0.006
" " " @ Paja % 0.007

) Barley; 2) Grain; 3) Spike; 4) Straw

s
=

Rey:

34



TABLE
DURIN

Py
3

(%)

AT

AMERICITUM

- 241 CONTENT IN

THE

VEGETATION OF

AREM

-
5

~
Y

SAMPLIN
DATE

FARM

VE

rv
W

ETABLE.

1 1
RADIOACTIVITY,
CONCENTRATION

Speaeclies

Part.

ld-5 D.P.G. Parcela 51 {j) Cebada ﬁi)‘mwmmm» % 0.006
I ry conen

" " " ! ﬁi)‘hﬂpinmujm # 0,006

" " @ Paja £.0.009
e {1300 0 [ o
264 lﬂAva.‘ ﬁmmw, ! ! Q£L1m1dmm» £ 0,006
(‘) Espicula % 0.005
" " " <@p Paja 2 0,006

‘ 71600 . | G -

" I ™\ Ma it oy o A Granc ) ole!
\‘ydmwﬁmkllﬁﬁh’ {ﬁﬂ Trigo i ’ Grano ¢ G.006

I 1 y--,ii, . - . o -~ N

" o ‘ " %) Espicula 2, 0.00%

" " " @ raja % 0.006

Rey:

1) Barley;

2) Grain; 3) Spike;

4) Straw; 5) Wheat.



TABILI

11 AMERTCIUM -

DURING 1988

241 CONTENT IN THE VEGETATION OF

AREA 2

SAMPLING

DATE

FARM

VEGETABLE

hHMDIC
CONCENTR

o

SPECIES: PART:

Ba/kg

]
IVITY
ATION

Invernadero Este | /2 s PN
o X - ) \ B Tomate (=) Fruto ¢, 0007
2 =4 G.8.0 ‘( fl':;!!55'1. f;’!Ei‘:]“' <~,._.,’ 1 et | (\.!‘) <
. () .
" | " " Fruto lavido 4 0.007
" | " " ‘(Eﬂ Planta # 0.00%
" Invernaderc Sur " ~ Fruto s 0.007
- oy ey g gy g ot I o &, Ve
J.S.F.(975,750) ) <
Q) , .
" " " Fruto lavado % 0.007
" " () Planta 4,0.005
" Invernadero Norte .
J.S F.(9%0,850) &) Fruto # 0.006
o
)
" " " Fruto lavado % 0.006
\
" | (1z) Planta # 0.006
\
" Invernadero Este (N o LA AN
" ) Frutc % 0.00€
F.L.L.(700,550) @ Fruto “ ’
D)
" " " Fruto lavado % C.,007
" " " @a} Planta 4 0.006
Invernadero Oeste " N o e
" . R, ‘ 7y Fruto w C.Q07
F.L.L.(600,550) @ <Y
.
" " " Fruto lavado £ 0.006
\ —~ s e
" " " ii)kﬂJMTMa % 0.005

Key:

7) FPruit; 10) Tomato; 11)

36

Washed Fruit; 12) Plant.



2 AMERICIUM -

DURING 1988

CONTENT

IN THE VEGETATION OF AREA

3

AMPLING

FARM

VEGETABLE

SPECIE

PART :

RADIOACTIVIT
CONCEL

' "Bq /g

Invernaderoc Norte

JoA.L.(CAT 488)

e
0.\ Tomate
o) ™

(%) Fruto

oy
4

0. 006

Qﬁ)Iﬁlanta

"ot/

o~

" " ‘1WNHMMLMMMM € 0.007

" " (i) Planta Z 0.006
Invernadre Oeste “ ‘;) - ; o8
Ca e ey ‘ ) Frute Z 0.008
J.N.T. (CAT 228) ) Frute < 0.008

!'i‘ ,

" " mm Fruto lavado % 0.007

" " |ﬁﬁblplanta % 0.006
vaeﬁﬁad?rﬁ F?F& " (ﬁa Fruto Z 0.007
T.N.T. (CAT 228) e

& o n g o

" " @U Fruto lavado € 0.007

" " (Fﬁ Planta % 0.006

J_'::) ol WA . &, W oo WD
Invernadero Norte -~
| J.N.T. (CAT 498) " (D) Fruto % 0.007
" " (ﬂ)lﬁmmbm lavado 4 C.007
--n'..“ . . .

" " (&%;!ﬁhmnta % 0.007
Teararradore Sy - - oo
}nvernaQ%xg “Pi, " (nj Fruto 0,23 «
J.N.T. (CAT 498) ~ -

e . , o, S

" " wUﬂ]Frutm lavado %,0.007

“uus
" Y % C.006

7) Fruit;

10) Tomato;

11) Washed Fruit; 12) Plant.

TRATION




TABLE 13. PLUTONIUM SOIL/PLANT CONCENTRATION RATIOS

PL AN TA@ RELACION DE CONCENTRACION
e ({:;;ia) 1

@especies  |® PARTE

-----

. o 1T R . 10

TOMATES FruTto 1.5 x 10
- dl

- : Ny 1

" FRUTO LAVADO 0.9 x 10
-3

i o 1
n P‘L.AAN T A o o m. "s I ‘!n”

- qm ™ "~ ) ! :: “p L ‘-l
CEBADA GRANO ] .9 % 10
- o) a gy 2!‘
" PaJa . 5 0x 10
. "-,‘ a om ‘E!‘
©.2x 10

-3

" EspicuLA

¢ 2 9y 1C
ALFALFA '%MRMWﬁWWBLE 8. .9x 10

2 PLANT: 3= CONCENTRATION RATIO; 4- SPECIES; 5= PART

6~ EDIBLE

- gny
o §4
wd K



TABLE 14. PLUTONIUM
PALOMARES

CONCENTRATION

IN

AGRICULTURAL

PRODUCTS

GROWN

PLANTA 2

B e e T oo
a2 DE MUESTRAS

€]
- Cone.Pu, Ba x Ke

1

i - N
E)EspeciEs Parte(®)

- U5 - @
InmeQU' ‘4ﬁwmlwnmmmﬂ

ahe
%UM EN POSITIVAS

TOMATE ! Fruto

TOMATE FrRuTo LAVADO

TOMATE PLanta
CEBADA 'Gmmmm
CEBADA Paga

CEBADA

EspfcuLa

) ALFALFA PLanTA

159 28.3

231 6.1
206 41.7
496 26 .8
496 37.0
144 58 .3

39 .0

12

0.22
0.15
4.42
2.47
5. 87
5.38

»
-
1l!>

PLANT ; 3

S SPECIE

NO OF SAMPLES; 4-
5¢ 6~ PART; 7- TOTAL

P CONC. B
8- % POSITIVE

* Rgt
9= X IN THOSE POSITIVE

IN



TABLE 15.
INGESTION OF FOC
HECTARE GROWN IN
RG™

EFFEC

STIVE  OVERALL
DS DERIVED
SOTLS

FROM

COLLECTIVE
CONSUMPTION

DOSE
P

EQUIVALENT
ANNUAL CROPS
WITH A PLUTONIUM CONCENTRATION OF 2.1 kBq/

BY

PER

@
- C 0

S E

C H A

Tomato

Barley

Grain

Straw

ALFALFA

F'IJI:"!;"' +* piu:!»‘!ll[]} ui:
Ba x Ha~1

L@ \
N COSECHA ANUAL

x Afio-1

26.2 %10

9.98 xI0

”%Wnﬂ“

[30.8x10°

'ymmmmmmtm

e
mﬂha

302x10°

‘Il

6.05%10

’IE 70 ¢ mﬁmuallil ;'_l;;v ) [ afios v . "
= I 6.0x10 13 %107 | 79 %107
CONSUMD INDIRECTO 5 afios D hWMMﬂWWWMWWIJJmm“
A . £ | S ——
”?A ECHE " AouLTos(0) :ﬂWM WMWWMkMWmm”
% .70 (HoBRE-Sv) gﬁ : e n T W
ST RED &hmmﬂ'u$wmf$wmﬂﬁ'
2= CROP 3~ IN ANNUAL HARVEST 4- DIRECT CONSUMPTIONG
e ADULTS; 6= 5 YRS 'ZI'.... DIREC) CONSUMPTION: 8-~ MEAT; 9= MILK:
ADULTS: 11— 5 YRS; 12~ 1 yry 13- MAN/Sv

40
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TABLE

16. PLUTONIUM CONCENTRATION IN

CHICKEN TISSUES, 1987.

G

@
MH

L0 exTREMIDADES

| @ @ "ENTRACION DE
MUESTREQ TEJIDO Fu -2 8G+Py- 240 (MBa/KG)
. ‘ ‘E .I»
21/10 JWHlEMMWIwauHLMj %5.2

" PoLLo n® 1 z1.7
" PoLLo N* 2 1.5
" PoLLo n* 3 5.2
It
kmwﬁmﬁﬁimmmwo
" PoLLo nN* 2 % 19.9
" PoLLo nN* 3 < 13,7
W
MlWW
" PoLLo n* 1 b6
" PoLLo n* 3 255
2= SAMPLING; PISSUE: 4= CONCENTRATION OF
B  GLZZARDS (1@«Nﬂhﬂmmww|'h. MUSCLE extremities; 7- MUSCLE body:
8- FEATHERS [ pollo = chicken )
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